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PROBLEM TO BE SOLVED: To provide a lithium secondary battery 
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carbon material, and high temperature. 
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usable lithium, and it meets the following inequality, -1<z<1). 
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CLAIMS 



[Claim(s)] 

[Claim 1] It sets to the lithium secondary battery using a carbon material as a main constituent of a negative- 
electrode active material, and is Lil-z [Mn2-x-y Mx Liy 04] (M is elements other than Mn and Li, and x and y 
show the amount of substitution of manganese, and are 0<x+y<=l.) to the main constituent of a positive active 
material. Moreover, z shows the amount of lithiums usable in reversible, and is -1<=z<=1. Lithium secondary 
battery characterized by using. 

[Claim 2] The main constituent of the aforementioned positive active material is Lil-z [Mn2-x-y CaxLiy 04] (x and 
y show the amount of substitution of manganese, and are 0<x+y<=l.). Moreover, z shows the amount of lithiums 
usable in reversible, and is -l<=z<=l . Lithium secondary battery according to claim 1 characterized by using. 
[Claim 3] The main constituent of the aforementioned positive active material is Lil-z [Mn2-x-y CrxLiy 04] (x and 
y show the amount of substitution of manganese, and are 0<x+y<=l .). Moreover, z shows the amount of lithiums 
usable in reversible, and is -K=z<=l. Lithium secondary battery according to claim 1 characterized by using. 
[Claim 4] The main constituent of the aforementioned positive active material is Lil-z [Mn2-x-y InxLiy 04] (x and 
y show the amount of substitution of manganese, and are 0<x+y<=l.). Moreover, z shows the amount of lithiums 
usable in reversible, and is -K=z<=l. Lithium secondary battery according to claim 1 characterized by using. 
[Claim 5] The main constituent of the aforementioned positive active material is Lil-z [Mn2-x-y TbxLiy 04] (x and 
y show the amount of substitution of manganese, and are 0<x+y<=l .). Moreover, z shows the amount of lithiums 
usable in reversible, and is -K=z<=l. Lithium secondary battery according to claim 1 characterized by using. 
[Claim 6] The main constituent of the aforementioned positive active material is Lil-z [Mn2-x-y MgxLiy 04] (x 
and y show the amount of substitution of manganese, and are 0<x+y<=l .). Moreover, z shows the amount of 
lithiums usable in reversible, and is -1<=z<=1. Lithium secondary battery according to claim 1 characterized by 
using. 

[Claim 7] The lithium secondary battery according to claim 1 characterized by the size (Lc) of the crystal of the 
spacing (d002) according [ the carbon material which is the aforementioned negative-electrode active material ] to 
an X-ray diffraction method of C shaft orientations by 3.354-3.369A being 200A or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a lithium secondary battery, and service 
capacity and power density are size and it relates to the high positive electrode for lithium secondary batteries and 
high negative electrode of the safety which was especially excellent in the cycle property in an elevated 
temperature. 
[0002] 

[Description of the Prior Art] as the positive active material of the lithium secondary battery characterized by 4V 
now -- LiCo02 and LiNi02 etc. — alpha-NaFeO 2 The ** lithium oxide which has structure, or LiMn 204 etc. — 
the ** lithium oxide which has Spinel structure is used conventionally LiMn 204 which has Spinel structure 
especially It is the positive active material excellent in a low cost and safety. On the other hand, as a negative- 
electrode active material, although the lithium metal and the lithium alloy had been used conventionally, that the 
short circuit and cycle life of positive/negative two poles by deposit (dendrite) of an arborescence lithium are short, 
and a part for the degradation should be compensated for the reason, the lithium of the 3 time equivalent of cell 
capacity is required for these cells, and they had a fault of a low in an energy density. In order to solve these 
troubles recently, the research which uses a carbon material for a negative electrode is active. When using the 
graphite to which this kind of negative electrode, especially graphitization progressed (for example, if a manganic 
acid lithium is used for a positive electrode, when a cell voltage will become a flat and will use for the pocket 
device of cell use), it is predominant in respect of capacity. However, it is LiMn 204 to a positive electrode about 
negative-electrode graphite. If it uses and a charge-and-discharge cycle is performed, if the dope voltage of the 
graphite at the time of charge piles up a cycle, it will become the 0V neighborhood, and will become competitive 
reaction with a deposit of a lithium. Therefore, cycle degradation was set to one of the large factors. Moreover, 
since this manganic acid lithium is not excellent in the cycle property of a positive active material own [ the ], 
replacing some manganese of the manganic acid lithium of Spinel structure by elements other than manganese in 
JP,4-233161,A, JP,5-21067,A, or JP,6-187993,A is reported. However, since manganese was eluted in the 
electrolytic solution when it was left at the elevated temperature also in such material, the charge-and-discharge 
capacity of a positive electrode decreased, and it turns out that cycle degradation is carried out. 
[0003] 

[Problem(s) to be Solved by the Invention] As mentioned above, when a carbon material is used as a negative 
electrode, there is a problem of the increase in a carbonaceous interfacial resistance with combination with a 
manganic acid lithium. Moreover, there is also a problem that charge-and-discharge capacity falls by the charge and 
discharge in the elevated temperature of a positive active material itself, this invention is Lil-z [Mn2-x-y Mx Liy 
04] (x and y show the amount of substitution of manganese, and are 0<x+y<=l .) to the main constituent [ in / a 
positive active material / since this trouble is solved ]. Moreover, z shows the amount of lithiums usable in 
reversible, and is -K=z<=l. By using, also in combination with a carbon material, or an elevated temperature, it is 
high capacity and high-energy density, and aims at offering the lithium secondary battery which was excellent in 
the charge-and-discharge cycle property with little irreversible capacity. 
[0004] 

[Means for Solving the Problem] Although the occlusion of the lithium to a carbon material and discharge (an 
intercalation, day intercalation) were the reactions which mainly occur when carbon was considered as a negative- 
electrode active material, it turns out that the coat state produced between the electrolytic solution and a carbon 
front face is involving as one of the factors which govern the reaction. For example, it is precise, the high coat of 
ion conductivity is excellent also in the cell property, and it is known that an ion conductivity conversely thick low 
coat has bad rate property and cycle property so that it may be represented with the case where a lithium metal is 
made into a negative-electrode active material. In this case, the former is coats, such as a lithium carbonate and a 
lithium oxide, and it is reported that the latters are coats, such as lithium fluoride. The coat which the same thing as 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/23/2003 



Page 2 of 6 

this produces on a carbon front face is also considered. That is, formation of the low coat of ionic conductivity, such 
as lithium fluoride, is raised on the surface of a carbon material as one of the factors which increases the interfacial 
resistance of a carbon material. In process in which the coat of this lithium fluoride is formed, it is possible that the 
fluoric acid which an electrolyte decomposes with the water carried in from positive-electrode' material etc., and is 
generated is involving. This invention persons found out that the fluoric acid generated inside a cell could be 
suppressed in the manganic acid lithium which has Spinel structure by replacing some manganese by elements other 
than manganese, such as a lithium, calcium and chromium, an indium, a terbium, and magnesium, as a result of 
examining many things, in order to solve this trouble. Moreover, it turns out that this positive-electrode material 
also suppresses elution of the manganese to the electrolytic solution by elevated-temperature preservation. 
[0005] Lil-z which is the main constituent of a positive active material In [Mn2-x-y Mx Liy 04], M is elements 
other than Mn and Li, and its element which can be replaced by Mn is desirable. For example, Be, B, C, Si, P, Sc, 
Cu, Zn, Ga, germanium, As, Se, Sr, Mo, Pd, Ag, Cd, In, Sn, Sb, Te, Ba, Ta, W.Pb, Bi, Co, Fe, Cr, nickel, Ti, Zr, 
Nb, Y, aluminum, Na, K, Mg, calcium, Cs, La, Ce, Nd, Sm, Eu, Tb, etc. are mentioned. Also in these, since the 
effect of Cr, calcium, In, Tb, and Mg was remarkable, they are the most desirable. Here, x and y which show the 
amount of substitution of Mn are 0<x+y<=l . however, the thing replaced in 0<x+y<=0.2 in order that z which 
shows the amount of lithiums usable in reversible may decrease, if amount x+y of substitution of Mn is increased — 
good — better Although z which shows the amount of lithiums usable in reversible changes also with amounts of 
substitution of Mn, it is -1<=z<=1. 

[0006] Lil-z which is the main constituent of a positive active material The method of adding the element 
beforehand replaced by the baking raw material in [Mn2-x-y Mx Liy 04], when a lithium and a different- species 
element replace a part of Mn, and LiMn 204 Although the way the ion exchange etc. replaces a different-species 
element etc. is mentioned after calcinating, it is not limited to these. 

[0007] The spacing (d002) especially by the X-ray diffraction method is 3.354 to 3.369 A, and since high capacity 
is obtained, the carbon particle whose size (Lc) of the crystal of C shaft orientations is 200A or more is [ that the 
carbon material used for a negative-electrode active material should just be a carbon material which emits / 
occlusion and / a lithium ] desirable. 

[0008] As for the positive electrode used for this invention, and a negative-electrode active material, it is desirable 
that it is 100 micrometers or less of average grain size. When acquiring a predetermined configuration, a grinder 
and a classifier are used in order to obtain fine particles. For example, a mortar, a ball mill, a sand mill, a vibration 
ball mill, a planet ball mill, a jet mill, a counter jet mill, a revolution air current type jet mill, a thermal plasma, a 
screen, etc. are used. At the time of trituration, wet grinding which made organic solvents, such as water or a 
hexane, live together can also be used. As the classification method, there is especially no limitation and a screen, a 
pneumatic elutriation machine, etc. are used if needed in dry type and wet. 

[0009] As a negative-electrode material which can be combined and can be used for this invention, the organic 
compound containing lithiums, such as a lithium metal, a lithium alloy, etc. and a chalcogen compound, a methyl 
lithium, etc. is mentioned. Moreover, it is also possible by using together the organic compound containing a 
lithium metal, a lithium alloy, and a lithium to insert a lithium in the carbon material used for this invention 
beforehand. 

[0010] the case where the positive electrode of this invention and a negative-electrode active material are used — an 
electrode — an electric conduction agent, a binder, a filler, etc. can be added as a mixture If it is the electronic- 
conduction nature material which does not have a bad influence on a cell performance as an electric conduction 
agent, it is good anything. Usually, conductive material, such as natural graphites (a flaky graphite, a scale-like 
graphite, earthy graphite, etc.), an artificial graphite, carbon black, acetylene black, KETCHIEN black, a carbon 
whisker, carbon fiber metallurgy group powder (copper, nickel, aluminum, silver, gold, etc.), a metal fiber, and a 
conductive ceramic material, can be included as one sort or those mixture. In these, combined use of acetylene 
black and KETCHIEN black is desirable. The addition has 1 - 50 desirable % of the weight, and its 2 - 30 % of the 
weight is especially desirable. 

[001 1] When using the positive electrode of this invention, and a negative -electrode active material, the thing of the 
fine particles for which it is things other than the main active material, and a surface-layer portion is embellished at 
least is also possible. For example, applying technology, such as plating, sintering, a mechano fusion, and vacuum 
evaporationo, and carrying out the coat of the ion conductivity good matter, such as good matter of electronic- 
conduction nature, such as gold, silver, carbon, nickel, and copper, and a lithium carbonate, boron glass, a solid 
electrolyte, is mentioned. 

[0012] As a binder, thermoplastics, such as a tetrafluoroethylene, a polyvinylidene fluoride, polyethylene, 
polypropylene, an ethylene-propylene-diene terpolymer (EPDM), sulfonation EPDM, styrene butadiene rubber 
(SBR), a fluororubber, and a carboxymethyl cellulose, the polymer which has rubber elasticity, polysaccharide, etc. 
can usually be used as one sort or two sorts or more of mixture. Moreover, as for a lithium and the binder which has 
the functional group which reacts, it is desirable like polysaccharide to methylate, for example and to make the 
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functional group deactivate. As the addition, 1 - 50 % of the weight is desirable, and 2 - 30 % of the weight is 
especially desirable. 

[0013] If it is the material which does not have a bad influence on a cell performance as a filler, it is good anything. 
Usually, olefin system polymer, such as polypropylene and polyethylene, Aerosil, a zeolite, glass, carbon, etc. are 
used. The addition of a filler has 0-30 desirable % of the weight. 

[0014] If it is the electronic-conduction object which does not do a bad influence in the constituted cell as a charge 
collector of an electrode active material, it is good anything. For example, as a charge collector for positive 
electrodes, besides aluminum, titanium, stainless steel, nickel, a baked carbon, a conductive polymer, electrically 
conductive glass, etc., it is the purpose of an adhesive property, conductivity, and oxidation-resistant improvement, 
and what processed front faces, such as aluminum and copper, with carbon, nickel, titanium, silver, etc. can be used. 
As a charge collector for negative electrodes, besides copper, stainless steel, nickel, aluminum, titanium, a baked 
carbon, a conductive polymer, electrically conductive glass, an aluminum-Cd alloy, etc., it is the purpose of an 
adhesive property, conductivity, and oxidation-resistant improvement, and what processed front faces, such as 
copper, with carbon, nickel, titanium, silver, etc. can be used. About such material, it is also possible to oxidize a 
front face. About these configurations, the shape of the shape of others and a film and a sheet, the letter of a 
network, punch or the thing by which expanded one was carried out, a lath object, a porosity object, a foam, the 
organizer of a fiber group, etc. are used. [ shape / of foil ] Although especially limitation is thin, a 1-500-micrometer 
thing is used. 

[0015] It is Lil-z to the main constituent of a positive active material. When using [Mn2-x-y Mx Liy 04], it is also 
possible to add other positive active materials, for example, Mn02, Mo03, V2 05, Lix Co02, and Lix Ni02 etc. — 
a metallic oxide, and TiS2, MoS2 and NbSe3 etc. — various kinds of matter in which absorption/emission is 
possible can be used for alkali-metal ion, such as intercalated graphite, such as a metal chalcogen ghost, the poly 
acene, poly para-phenylene, polypyrrole, the poly aniline, and disulfide, and a conductive polymer, and an anion 
Applying and carrying out the coat of the technology, such as electrolytic polymerization, plating, sintering, a 
mechano fusion, and vacuum evaporationo, as the addition method besides only mixing is mentioned. 
[0016] Moreover, it is desirable to be able to use the organic electrolytic solution, a solid polymer electrolyte, an 
inorganic solid electro lyte, fused salt, etc., for example, and to use the organic electrolytic solution also in this as an 
electrolyte. As an organic solvent of this organic electrolytic solution, propylene carbonate, ethylene carbonate, 
Butylene carbonate, diethyl carbonate, dimethyl carbonate, Ester, such as methylethyl carbonate and gamma- 
butyrolactone Substitution tetrahydrofiirans, such as a tetrahydrofuran and 2-methyl tetrahydrofuran, A dioxolane, 
diethylether, dimethoxyethane, diethoxy ethane, Ether, such as methoxyethoxy ethane, dimethyl sulfoxide, a 
sulfolane, a methyl sulfolane, an acetonitrile, methyl formate, methyl acetate, N-methyl pyrrolidone, a dimethyl 
formamide, etc. are mentioned, and these can be used as independent or a mixed solvent, moreover — as a 
supporting-electrolyte salt - LiC104, LiPF6, LiBF4, LiAsF6, LiCF3 S03, LiN (CF3 S02)2, LiN (C2 F5 S02)2, 
and LiN (CF3 S02) (C4 F9 S02)2 etc. - it is mentioned On the other hand, what melted the above supporting- 
electrolyte salts as a solid polymer electrolyte into polymer, such as a polyethylene oxide, the bridge formation 
object and poly force FAZEN, and its bridge formation object, can be used. Furthermore, inorganic solid 
electrolytes, such as Li3 N and Lil, are also usable. That is, what is necessary is just nonaqueous electrolyte of 
lithium ion conductivity. 

[0017] As separator, the transmittance of ion is excellent and an insulating thin film with a mechanical strength can 
be used. The sheet built with the polymer of olefin systems, such as organic-solvent-proof nature, hydrophobic shell 
polypropylene, and polyethylene, the glass fiber, the polyvinylidene fluoride, the polytetrafluoroethylene, etc., a 
micropore film, a nonwoven fabric, and cloth are used. The aperture of separator is a thing of the range generally 
used for a cell, for example, is 0.01-10 micrometers. Moreover, the same is said of the thickness, and it is the thing 
of the range generally used for a cell, for example, is 5-300 micrometers. 

[0018] As a reason a charge-and-discharge property, especially whose cycle property improve, although it is not 
necessarily clear, it is considered as follows. Generally, in the interior of a cell, the various impurities which do not 
participate in the charge and discharge of a cell are included in many cases. For example, LiPF6 When using for an 
electrolyte, the salt itself can carry in an impurity or it is possible to produce HF (fluoric acid) reacting with the 
water of the ultralow volume contained in the interior of a cell, or a solvent. Although an ion conductivity high coat 
like a lithium carbonate is formed between the electrolytic solution and a carbon material on a carbon-material front 
face in the case of lithium occlusion, if an acid like fluoric acid exists after the time of this coat formation, or 
formation, an ion conductivity low lithium halide will be produced. The lithium halide produced in the interface of 
a carbon material and the electrolytic solution bars occlusion discharge of a lithium, as a result, increases the 
interfacial resistance of a negative electrode, and is considered to be one of the causes which service capacity 
reduces. Then, I thought that this problem would be solvable by reducing the amount of the fluoric acid which 
exists in the interior of a cell. That is, by the manganic acid lithium which is a positive active material thinking that 
decomposition will be promoted in catalyst, and using the manganic acid lithium which has the Spinel structure 
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which replaced some manganese by elements other than a lithium and manganese, although it thinks that it is 
generated by the reaction of an electrolyte and water, this fluoric acid is ****, when the fluoric acid which drops the 
catalyst-activity exerted on decomposition etc. and is produced by the decomposition reaction of water and an 
electrolyte is reduced. Furthermore, this catalyst-activity is LiMn 204 which has Spinel structure. Gamma-MnO 2 
which is the matter after charge By being the highest and replacing some manganese by elements other than a 
lithium and manganese This gamma-MnO 2 By using the manganic acid lithium which has the Spinel structure 
which suppressed generation, thought that catalytic activity could be reduced and replaced some manganese by 
elements other than a lithium and manganese Since interfacial-resistance increase of the carbon material of a 
negative electrode was suppressed and the cycle property improved, it resulted in this invention. Moreover, it turns 
out that its stability of an active material own [ hot ] improves catalytic activity not only reduced the manganic acid 
lithium which has the Spinel structure which replaced a part of this manganese by elements other than a lithium and 
manganese, but, and a hot cycle property also improves. 
[0019] 

[Example] Hereafter, this invention is explained based on an example. 

[0020] (Example 1) The acetic-acid lithium dihydrate, manganese acetate (11)4 hydrate, and the calcium-acetate 
monohydrate were mixed so that Li and the ratio of Mn and calcium might be set to 1.10:1.95:0.05, and this was 
dissolved in the acetic acid. It agitated applying heat, the acetic acid was evaporated from the solution which 
dissolved completely, and the mixed salt was obtained. Temporary baking of this mixed salt was carried out at 500 
degrees C, and it calcinated at 850 degrees C among air. As a result of grinding the obtained baking object and 
performing this XRD measurement, it turns out that the manganic acid lithium which has Spinel structure is 
obtained. Next, when the distributed state of calcium was observed by energy-dispersion type electron probe 
microanalysis (EPMA), calcium was distributed all over the manganic acid lithium. Let this powder be Powder A. 
[0021] (Example 2) The acetic-acid lithium dihydrate, manganese acetate (11)4 hydrate, and the chromium acetate 
(III) were mixed so that the ratio of Li, and Mn and Cr might be set to 1.10:1.95:0.05, and this was dissolved in the 
acetic acid. It agitated applying heat, the acetic acid was evaporated from the solution which dissolved completely, 
and the mixed salt was obtained. Temporary baking of this mixed salt was carried out at 500 degrees C, and it 
calcinated at 850 degrees C among air. As a result of grinding the obtained baking object and performing this XRD 
measurement, it turns out that the manganic acid lithium which has Spinel structure is obtained. Next, when the 
distributed state of chromium was observed by EPMA, chromium was distributed all over the manganic acid 
lithium. Let this powder be Powder B. 

[0022] (Example 3) The acetic-acid lithium dihydrate, manganese acetate (11)4 hydrate, and the acetic^acid indium 
(III) hydrate were mixed so that the ratio of Li, and Mn and In might be set to 1.10:1.95:0.05, and this was 
dissolved in the acetic acid. It agitated applying heat, the acetic acid was evaporated from the solution which 
dissolved completely, and the mixed salt was obtained. Temporary baking of this mixed salt was carried out at 500 
degrees C, and it calcinated at 850 degrees C among air. As a result of grinding the obtained baking object and 
performing this XRD measurement, it turns out that the manganic acid lithium which has Spinel structure is 
obtained. Next, when the distributed state of an indium was observed by EPMA, the indium was distributed all over 
the manganic acid lithium. Let this powder be Powder C. 

[0023] (Example 4) The acetic-acid lithium dihydrate, manganese acetate (11)4 hydrate, and acetic-acid terbium (III) 
4 hydrate were mixed so that Li and the ratio of Mn and Tb might be set to 1.10:1 .95:0.05, and this was dissolved in 
the acetic acid. It agitated applying heat, the acetic acid was evaporated from the solution which dissolved 
completely, and the mixed salt was obtained. Temporary baking of this mixed salt was carried out at 500 degrees C, 
and it calcinated at 850 degrees C among air. As a result of grinding the obtained baking object and performing this 
XRD measurement, it turns out that the manganic acid lithium which has Spinel structure is obtained. Next, when 
the distributed state of a terbium was observed by EPMA, the terbium was distributed all over the manganic acid 
lithium. Let this powder be Powder D. 

[0024] (Example 5) The acetic-acid lithium dihydrate, manganese acetate (11)4 hydrate, and magnesium-acetate (II) 
4 hydrate were mixed so that Li and the ratio of Mn and Mg might be set to 1.10:1 .95 :0.05, and this was dissolved 
in the acetic acid. It agitated applying heat, the acetic acid was evaporated from the solution which dissolved 
completely, and the mixed salt was obtained. Temporary baking of this mixed salt was carried out at 500 degrees C, 
and it calcinated at 850 degrees C among air. As a result of grinding the obtained baking object and performing this 
XRD measurement, it turns out that the manganic acid lithium which has Spinel structure is obtained. Next, when 
the distributed state of a chromium element was observed by EPMA, magnesium was distributed all over the 
manganic acid lithium. Let this powder be Powder E. 

[0025] (Example 6) The coin type nonaqueous electrolyte cell shown in drawing 1 as follows was made as an 
experiment, using the powder A, B, C, D, and E obtained in the above-mentioned example 1 as a positive active 
material. The positive electrode 1 mixed Powder A - Powder E, acetylene black, and polytetrafluoroethylene 
powder by the weight ratio 85:10:5, added toluene, and kneaded it enough. This was fabricated with a thickness of 
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0.8mm in the shape of a sheet with the roller press, next, this — the diameter of 16mm — it pierced circularly, and 
dried at 200 degrees C under reduced pressure for 15 hours, and the positive electrode 1 was obtained The positive 
electrode 1 was stuck by pressure and used for the positive-electrode can 4 to which the positive-electrode charge 
collector 6 was attached. As a negative-electrode active material, it is an artificial graphite (the size (Lc) of the 
crystal of the spacing (d002) by 6 micrometers of mean particle diameters and the X-ray diffraction method of C 
shaft orientations by 3.37A mixed 550A and polytetrafluoroethylene powder by the weight ratio 95:5, added 
toluene, and kneaded enough.). This was fabricated with a thickness of 0.1mm in the shape of a sheet with the roller 
press, next, this — the diameter of 16mm — it pierced circularly, it dried at 200 degrees C under reduced pressure for 
1 5 hours, and the negative electrode 2 was obtained The negative electrode 2 was stuck by pressure and used for the 
negative-electrode can 5 to which the negative-electrode charge collector 7 was attached. It is LiPF6 to the partially 
aromatic solvent of the volume ratio 1 :1 of ethylene carbonate and diethyl carbonate. The fine porous membrane 
made from polypropylene was used for separator 3 using the electrolytic solution which carried out 1 mol/1 
dissolution. The coin type lithium cell with a diameter [ of 20mm ] and a thickness of 1 .6mm was produced using 
the above-mentioned positive electrode, a negative electrode, the electrolytic solution, and separator. Let the cells 
using this powder A-E be a cell (A) - a cell (E), respectively. 

[0026] (Example of comparison) The acetic-acid lithium dihydrate and manganese acetate (11)4 hydrate were mixed 
so that the ratio of Li and Mn might be set to 1.10:2.00, and this was dissolved in the acetic acid. It agitated 
applying heat, the acetic acid was evaporated from the solution which dissolved completely, and the mixed salt was 
obtained. Temporary baking of this mixed salt was carried out at 500 degrees C, and it calcinated at 850 degrees C 
among air. As a result of grinding the obtained baking object and performing this XRD measurement, it turns out 
that the manganic acid lithium which has Spinel structure is obtained. Let this powder be Powder C. Instead of 
Powder A, Powder F was used and the cell was produced like the example 3 except it. Let the obtained cell be a 
comparison cell (F). 

[0027] These cells (A) The charge and discharge test was performed using - (E) and the comparison cell (F). Charge 
final voltage was set to 4.2V, the discharge final voltage was set to 3.0V, and 1mA and the test temperature 
performed constant-current charge and discharge for the charge and discharge current at 20 degrees C and 40 
degrees C. The result of the service capacity of obtained 5 cycle eye was shown in Table 1. Moreover, the number 
of cycles at the time of service capacity falling to 60% of the first stage as a cycle life was measured. 
[0028] 
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[0029] Although the cell (A) - cell (E), and comparison cell (F) using Powder A - Powder E were compared and 
early service capacity did not change, a cycle life is good and a bird clapper is known. Moreover, in the elevated 
temperature of 40 degrees C, it turns out that early service capacity increases and a cycle life also improves. That is, 
there is little electrolytic disassembly by using the positive active material of this invention, and since generation of 
fluoric acid is suppressed by this, in the surface lining generated on a carbon front face, it is possible [ it ] that the 
coat of the component like not the high lithium fluoride of the resistance generated under existence of fluoric acid 
but the lithium carbonate with comparatively low resistance in which a fluorine does not participate and a lithium 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web__cgi_ejje 6/23/2003 



Page 6 of 6 



oxide is formed, interfacial-resistance increase is suppressed, and a cycle property improves, moreover, since the 
40-degree C hot cycle property is also excellent, not only in electrolytic disassembly In the above-mentioned 
example which can consider that elution of the manganese to the own electrolytic solution of a positive active 
material is also suppressed, and capacity deterioration of an active material is also suppressed To the main 
constituent in a positive active material, Li [Mnl.95calciumO.05Li 0.1 0O4], Li [Mnl.95CrO.05Li 0.1 0O4] and Li 
[Mnl.95InO.05Li 0.10O4], Li [Mnl.95TbO.05Li 0.10O4] Although Li [Mnl.95MgO.05Li 0.10O4] was mentioned 
about the lithium secondary battery using the artificial graphite as a negative-electrode material, the same effect was 
checked about other substitution elements and negative-electrode material. In addition, this invention is not limited 
to the start raw material, the manufacture method, a positive electrode, a negative electrode, an electrolyte, 
separator, a cell configuration, etc. of the active material indicated by the above-mentioned example. 
[0030] 

[Effect of the Invention] Since this invention is constituted like ****, by replacing some manganese of the 
manganic acid lithium which has the Spinel structure which is the main constituent of a positive active material by 
elements other than a lithium and manganese, it has little resistance increase by the carbon-material interface which 
is a negative-electrode active material, its own thermal stability of a positive active material improves further, and 
its cycle property improves. Moreover, it is the method of reforming which the material was excellent in safety, and 
was excellent in positive-electrode material since it was cheap, and the cells obtained as a result are high capacity 
and high-energy density, and show the charge-and-discharge cycle property of having excelled also in the elevated 
temperature. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to a lithium secondary battery, and service 
capacity and power density are size and it relates to the high positive electrode for lithium secondary batteries and 
high negative electrode of the safety which was especially excellent in the cycle property in an elevated 
temperature. 
[0002] 

[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] as the positive active material of the lithium secondary battery characterized by 4V 
now - LiCo02 and LiNi02 etc. - alpha-NaFeO 2 The ** lithium oxide which has structure, or LiMn 204 etc. — 
the ** lithium oxide which has Spinel structure is used conventionally LiMn 204 which has Spinel structure 
especially It is the positive active material excellent in a low cost and safety. On the other hand, as a negative- 
electrode active material, although the lithium metal and the lithium alloy had been used conventionally, that the 
short circuit and cycle life of positive/negative two poles by deposit (dendrite) of an arborescence lithium are short, 
and a part for the degradation should be compensated for the reason, the lithium of the 3 time equivalent of cell 
capacity is required for these cells, and they had the fault that an energy density was low. In order to solve these 
troubles recently, the research which uses a carbon material for a negative electrode is active. When using the 
graphite to which this kind of negative electrode, especially graphitization progressed (for example, if a manganic 
acid lithium is used for a positive electrode, when a cell voltage will become a flat and will use for the pocket 
device of cell use), it is predominant in respect of capacity. However, it is LiMn 204 to a positive electrode about 
negative-electrode graphite. If it uses and a charge-and-discharge cycle is performed, if the dope voltage of the 
graphite at the time of charge piles up a cycle, it will become the OV neighborhood, and will become competitive 
reaction with a deposit of a lithium. Therefore, cycle degradation was set to one of the large factors. Moreover, 
since this manganic acid lithium is not excellent in the cycle property of a positive active material own [ the ], 
replacing some manganese of the manganic acid lithium of Spinel structure by elements other than manganese in 
JP,4-233161,A, JP,5-21067,A, or JP,6-187993,A is reported. However, since manganese was eluted in the 
electrolytic solution when it was left at the elevated temperature also in such material, the charge-and-discharge 
capacity of a positive electrode decreased, and it turns out that cycle degradation is carried out. 



[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since this invention is constituted like ****, by replacing some manganese of the 
manganic acid lithium which has the Spinel structure which is the main constituent of a positive active material by 
elements other than a lithium and manganese, it has little resistance increase by the carbon-material interface which 
is a negative-electrode active material, its own thermal stability of a positive active material improves further, and 
its cycle property improves. Moreover, it is the method of reforming which the material was excellent in safety, and 
was excellent in positive-electrode material since it was cheap, and the cells obtained as a result are high capacity 
and high-energy density, and show the charge-and-discharge cycle property of having excelled also in the elevated 
temperature. 

[Translation done.] 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] As mentioned above, when a carbon material is used as a negative 
electrode, there is a problem of the increase in a carbonaceous interfacial resistance with combination with a 
manganic acid lithium. Moreover, there is also a problem that charge-and-discharge capacity falls by the charge and 
discharge in the elevated temperature of a positive active material itself, this invention is Lil-z [Mn2-x-y Mx Liy 
04] (x and y show the amount of substitution of manganese, and are 0<x+y<=l .) to the main constituent [ in / a 
positive active material / since this trouble is solved ]. Moreover, z shows the amount of lithiums usable in 
reversible, and is -K=z<=l. By using, also in combination with a carbon material, or an elevated temperature, it is 
high capacity and high-energy density, and aims at offering the lithium secondary battery which was excellent in 
the charge-and-discharge cycle property with little irreversible capacity. 

[Translation done.] 
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MEANS 

[Means for Solving the Problem] Although the occlusion of the lithium to a carbon material and discharge (an 
intercalation, day intercalation) were the reactions which mainly occur when carbon was considered as a negative- 
electrode active material, it turns out that the coat state produced between the electrolytic solution and a carbon 
front face is involving as one of the factors which govern the reaction. For example, it is precise, the high coat of 
ion conductivity is excellent also in the cell property, and it is known that an ion conductivity conversely thick low 
coat has bad rate property and cycle property so that it may be represented with the case where a lithium metal is 
made into a negative -electrode active material. In this case, the former is coats, such as a lithium carbonate and a 
lithium oxide, and it is reported that the latters are coats, such as lithium fluoride. The coat which the same thing as 
this produces on a carbon front face is also considered. That is, formation of the low coat of ionic conductivity, such 
as lithium fluoride, is raised on the surface of a carbon material as one of the factors which increases the interfacial 
resistance of a carbon material. In process in which the coat of this lithium fluoride is formed, it is possible that the 
fluoric acid which an electrolyte decomposes with the water carried in from positive-electrode material etc., and is 
generated is involving. This invention persons found out that the fluoric acid generated inside a cell could be 
suppressed in the manganic acid lithium which has Spinel structure by replacing some manganese by elements other 
than manganese, such as a lithium, calcium and chromium, an indium, a terbium, and magnesium, as a result of 
examining many things, in order to solve this trouble. Moreover, it turns out that this positive-electrode material 
also suppresses elution of the manganese to the electrolytic solution by elevated-temperature preservation. 
[0005] Lil-z which is the main constituent of a positive active material In [Mn2-x-y Mx Liy 04], M is elements 
other than Mn and Li, and its element which can be replaced by Mn is desirable. For example, Be, B, C, Si, P, Sc, 
Cu, Zn, Ga, germanium, As, Se, Sr, Mo, Pd, Ag, Cd, In, Sn, Sb, Te, Ba, Ta, W.Pb, Bi, Co, Fe, Cr, nickel, Ti, Zr, 
Nb, Y, aluminum, Na, K, Mg, calcium, Cs, La, Ce, Nd, Sm, Eu, Tb, etc. are mentioned. Also in these, since the 
effect of Cr, calcium, In, Tb, and Mg was remarkable, they are the most desirable. Here, x and y which show the 
amount of substitution of Mn are 0<x+y<=l. however, the thing replaced in 0<x+y<=0.2 in order that z which 
shows the amount of lithiums usable in reversible may decrease, if amount x+y of substitution of Mn is increased — 
good — better Although z which shows the amount of lithiums usable in reversible changes also with amounts of 
substitution of Mn, it is - 1 <=z<= 1 . 

[0006] Lil-z which is the main constituent of a positive active material The method of adding the element 
beforehand replaced by the baking raw material in [Mn2-x-y Mx Liy 04], when a lithium and a different-species 
element replace a part of Mn, and LiMn 204 Although the way the ion exchange etc. replaces a different-species 
element etc. is mentioned after calcinating, it is not limited to these. 

[0007] The spacing (d002) especially by the X-ray diffraction method is 3.354 to 3.369 A, and since high capacity 
is obtained, the carbon particle whose size (Lc) of the crystal of C shaft orientations is 200A or more is [ that the 
carbon material used for a negative-electrode active material should just be a carbon material which emits / 
occlusion and / a lithium ] desirable. 

[0008] As for the positive electrode used for this invention, and a negative-electrode active material, it is desirable 
that it is 100 micrometers or less of average grain size. When acquiring a predetermined configuration, a grinder 
and a classifier are used in order to obtain fine particles. For example, a mortar, a ball mill, a sand mill, a vibration 
ball mill, a planet ball mill, a jet mill, a counter jet mill, a revolution air current type jet mill, a thermal plasma, a 
screen, etc. are used. At the time of trituration, wet grinding which made organic solvents, such as water or a 
hexane, live together can also be used. As the classification method, there is especially no limitation and a screen, a 
pneumatic elutriation machine, etc. are used if needed in dry type and wet. 

[0009] As a negative-electrode material which can be combined and can be used for this invention, the organic 
compound containing lithiums, such as a lithium metal, a lithium alloy, etc. and a chalcogen compound, a methyl 
lithium, etc. is mentioned. Moreover, it is also possible by using together the organic compound containing a 
lithium metal, a lithium alloy, and a lithium to insert a lithium in the carbon material used for this invention 
beforehand. 
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[0010] the case where the positive electrode of this invention and a negative-electrode active material are used — an 
electrode — an electric conduction agent, a binder, a filler, etc. can be added as a mixture If it is the electronic- 
conduction nature material which does not have a bad influence on a cell performance as an electric conduction 
agent, it is good anything. Usually, conductive material, such as natural graphites (a flaky graphite, a scale-like 
graphite, earthy graphite, etc.), an artificial graphite, carbon black, acetylene black, KETCHIEN black, a carbon 
whisker, carbon fiber metallurgy group powder (copper, nickel, aluminum, silver, gold, etc.), a metal fiber, and a 
conductive ceramic material, can be included as one sort or those mixture. In these, combined use of acetylene 
black and KETCHIEN black is desirable. The addition has 1 - 50 desirable % of the weight, and its 2 - 30 % of the 
weight is especially desirable. 

[001 1] When using the positive electrode of this invention, and a negative -electrode active material, the thing of the 
fine particles for which it is things other than the main active material, and a surface-layer portion is embellished at 
least is also possible. For example, applying technology, such as plating, sintering, a mechano fusion, and vacuum 
evaporationo, and carrying out the coat of the ion conductivity good matter, such as good matter of electronic- 
conduction nature, such as gold, silver, carbon, nickel, and copper, and a lithium carbonate, boron glass, a solid 
electrolyte, is mentioned. 

[0012] As a binder, thermoplastics, such as a tetrafluoroethylene, a polyvinylidene fluoride, polyethylene, 
polypropylene, an ethylene-propylene-diene terpolymer (EPDM), sulfonation EPDM, styrene butadiene rubber 
(SBR), a fluororubber, and a carboxymethyl cellulose, the polymer which has rubber elasticity, polysaccharide, etc. 
can usually be used as one sort or two sorts or more of mixture. Moreover, as for a lithium and the binder which has 
the functional group which reacts, it is desirable like polysaccharide to methylate, for example and to make the 
functional group deactivate. As the addition, 1 - 50 % of the weight is desirable, and 2 - 30 % of the weight is 
especially desirable. 

[0013] If it is the material which does not have a bad influence on a cell performance as a filler, it is good anything. 
Usually, olefin system polymer, such as polypropylene and polyethylene, Aerosil, a zeolite, glass, carbon, etc. are 
used. The addition of a filler has 0-30 desirable % of the weight. 

[0014] If it is the electronic-conduction object which does not do a bad influence in the constituted cell as a charge 
collector of an electrode active material, it is good anything. For example, as a charge collector for positive 
electrodes, besides aluminum, titanium, stainless steel, nickel, a baked carbon, a conductive polymer, electrically 
conductive glass, etc., it is the purpose of an adhesive property, conductivity, and oxidation-resistant improvement, 
and what processed front faces, such as aluminum and copper, with carbon, nickel, titanium, silver, etc. can be used. 
As a charge collector for negative electrodes, besides copper, stainless steel, nickel, aluminum, titanium, a baked 
carbon, a conductive polymer, electrically conductive glass, an aluminum- Cd alloy, etc., it is the purpose of an 
adhesive property, conductivity, and oxidation-resistant improvement, and what processed front faces, such as 
copper, with carbon, nickel, titanium, silver, etc. can be used. About such material, it is also possible to oxidize a 
front face. About these configurations, the shape of the shape of others and a film and a sheet, the letter of a 
network, punch or the thing by which expanded one was carried out, a lath object, a porosity object, a foam, the 
organizer of a fiber group, etc. are used. [ shape / of foil ] Although especially limitation is thin, a 1-500-micrometer 
thing is used. 

[0015] It is Lil-z to the main constituent of a positive active material. When using [Mn2-x-y Mx Liy 04], it is also 
possible to add other positive active materials, for example, Mn02, Mo03, V2 05, Lix Co02, and Lix Ni02 etc. — 
a metallic oxide, and TiS2, MoS2 and NbSe3 etc. — various kinds of matter in which absorption/emission is 
possible can be used for alkali-metal ion, such as intercalated graphite, such as a metal chalcogen ghost, the poly 
acene, poly para-phenylene, polypyrrole, the poly aniline, and disulfide, and a conductive polymer, and an anion 
Applying and carrying out the coat of the technology, such as electrolytic polymerization, plating, sintering, a 
mechano fusion, and vacuum evaporationo, as the addition method besides only mixing is mentioned. 
[0016] Moreover, it is desirable to be able to use the organic electrolytic solution, a solid polymer electrolyte, an 
inorganic solid electrolyte, fused salt, etc., for example, and to use the organic electrolytic solution also in this as an 
electrolyte. As an organic solvent of this organic electrolytic solution, propylene carbonate, ethylene carbonate, 
Butylene carbonate, diethyl carbonate, dimethyl carbonate, Ester, such as methylethyl carbonate and gamma- 
butyrolactone Substitution tetrahydrofurans, such as a tetrahydrofuran and 2-methyl tetrahydrofuran, A dioxolane, 
diethylether, dimethoxyethane, diethoxy ethane, Ether, such as methoxyethoxy ethane, dimethyl sulfoxide, a 
sulfolane, a methyl sulfolane, an acetonitrile, methyl formate, methyl acetate, N-methyl pyrrolidone, a dimethyl 
formamide, etc. are mentioned, and these can be used as independent or a mixed solvent, moreover — as a 
supporting-electrolyte salt - LiC104, LiPF6, LiBF4, LiAsF6, LiCF3 S03, LiN (CF3 S02)2, LiN (C2 F5 S02)2, 
and LiN (CF3 S02) (C4 F9 S02)2 etc. - it is mentioned On the other hand, what melted the above supporting- 
electrolyte salts as a solid polymer electrolyte into polymer, such as a polyethylene oxide, the bridge formation 
object and poly force FAZEN, and its bridge formation object, can be used. Furthermore, inorganic solid 
electrolytes, such as Li3 N and Lil, are also usable. That is, what is necessary is just nonaqueous electrolyte of 
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lithium ion conductivity. 

[0017] As separator, the transmittance of ion is excellent and an insulating thin film with a mechanical strength can 
be used. The sheet built with the polymer of olefin systems, such as organic-solvent-proof nature, hydrophobic shell 
polypropylene, and polyethylene, the glass fiber, the polyvinylidene fluoride, the polytetrafluoroethylene, etc., a 
micropore film, a nonwoven fabric, and cloth are used. The aperture of separator is a thing of the range generally 
used for a cell, for example, is 0.01-10 micrometers. Moreover, the same is said of the thickness, and it is the thing 
of the range generally used for a cell, for example, is 5-300 micrometers. 

[0018] As a reason a charge-and-discharge property, especially whose cycle property improve, although it is not 
necessarily clear, it is considered as follows. Generally, in the interior of a cell, die various impurities which do not 
participate in the charge and discharge of a cell are included in many cases. For example, LiPF6 When using for an 
electrolyte, the salt itself can carry in an impurity or it is possible to produce HF (fluoric acid) reacting with the 
water of the ultralow volume contained in the interior of a cell, or a solvent. Although an ion conductivity high coat 
like a lithium carbonate is formed between the electrolytic solution and a carbon material on a carbon-material front 
face in the case of lithium occlusion, if an acid like fluoric acid exists after the time of this coat formation, or 
formation, an ion conductivity low lithium halide will be produced. The lithium halide produced in the interface of 
a carbon material and the electrolytic solution bars occlusion discharge of a lithium, as a result, increases the 
interfacial resistance of a negative electrode, and is considered to be one of the causes which service capacity 
reduces. Then, I thought that this problem would be solvable by reducing the amount of the fluoric acid which 
exists in the interior of a cell. That is, by the manganic acid lithium which is a positive active material thinking that 
decomposition will be promoted in catalyst, and using the manganic acid lithium which has the Spinel structure 
which replaced some manganese by elements other than a lithium and manganese, although it thinks that it is 
generated by the reaction of an electrolyte and water, this fluoric acid is ****, when the fluoric acid which drops the 
catalyst-activity exerted on decomposition etc. and is produced by the decomposition reaction of water and an 
electrolyte is reduced. Furthermore, this catalyst-activity is LiMn 204 which has Spinel structure. Gamma-MnO 2 
which is the matter after charge By being the highest and replacing some manganese by elements other than a 
lithium and manganese This gamma-MnO 2 By using the manganic acid lithium which has the Spinel structure 
which suppressed generation, thought that catalytic activity could be reduced and replaced some manganese by 
elements other than a lithium and manganese Since interfacial-resistance increase of the carbon material of a 
negative electrode was suppressed and the cycle property improved, it resulted in this invention. Moreover, it turns 
out that its stability of an active material own [ hot ] improves catalytic activity not only reduced the manganic acid 
lithium which has the Spinel structure which replaced a part of this manganese by elements other than a lithium and 
manganese, but, and a hot cycle property also improves. 



[Translation done.] 
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EXAMPLE 



[Example] Hereafter, this invention is explained based on an example. 

[0020] (Example 1) The acetic-acid lithium dihydrate, manganese acetate (11)4 hydrate, and the calcium-acetate 
monohydrate were mixed so that Li and the ratio of Mn and calcium might be set to 1.10:1.95:0.05, and this was 
dissolved in the acetic acid. It agitated applying heat, the acetic acid was evaporated from the solution which 
dissolved completely, and the mixed salt was obtained. Temporary baking of this mixed salt was carried out at 500 
degrees C, and it calcinated at 850 degrees C among air. As a result of grinding the obtained baking object and 
performing this XRD measurement, it turns out that the manganic acid lithium which has Spinel structure is 
obtained. Next, when the distributed state of calcium was observed by energy -dispersion type electron probe 
microanalysis (EPMA), calcium was distributed all over the manganic acid lithium. Let this powder be Powder A. 
[0021] (Example 2) The acetic-acid lithium dihydrate, manganese acetate (11)4 hydrate, and the chromium acetate 
(III) were mixed so that the ratio of Li, and Mn and Cr might be set to 1.10:1.95:0.05, and this was dissolved in the 
acetic acid. It agitated applying heat, the acetic acid was evaporated from the solution which dissolved completely, 
and the mixed salt was obtained. Temporary baking of this mixed salt was carried out at 500 degrees C, and it 
calcinated at 850 degrees C among air. As a result of grinding the obtained baking object and performing this XRD 
measurement, it turns out that the manganic acid lithium which has Spinel structure is obtained. Next, when the 
distributed state of chromium was observed by EPMA, chromium was distributed all over the manganic acid 
lithium. Let this powder be Powder B. 

[0022] (Example 3) The acetic-acid lithium dihydrate, manganese acetate (11)4 hydrate, and the acetic-acid indium 
(III) hydrate were mixed so that the ratio of Li, and Mn and In might be set to 1.10:1 .95 :0.05, and this was 
dissolved in the acetic acid. It agitated applying heat, the acetic acid was evaporated from the solution which 
dissolved completely, and the mixed salt was obtained. Temporary baking of this mixed salt was carried out at 500 
degrees C, and it calcinated at 850 degrees C among air. As a result of grinding the obtained baking object and 
performing this XRD measurement, it turns out that the manganic acid lithium which has Spinel structure is 
obtained. Next, when the distributed state of an indium was observed by EPMA, the indium was distributed all over 
the manganic acid lithium. Let this powder be Powder C. 

[0023] (Example 4) The acetic-acid lithium dihydrate, manganese acetate (11)4 hydrate, and acetic-acid terbium (III) 
4 hydrate were mixed so that Li and the ratio of Mn and Tb might be set to 1.10:1.95:0.05, and this was dissolved in 
the acetic acid. It agitated applying heat, the acetic acid was evaporated from the solution which dissolved 
completely, and the mixed salt was obtained. Temporary baking of this mixed salt was carried out at 500 degrees C, 
and it calcinated at 850 degrees C among air. As a result of grinding the obtained baking object and performing this 
XRD measurement, it turns out that the manganic acid lithium which has Spinel structure is obtained. Next, when 
the distributed state of a terbium was observed by EPMA, the terbium was distributed all over the manganic acid 
lithium. Let this powder be Powder D. 

[0024] (Example 5) The acetic-acid lithium dihydrate, manganese acetate (11)4 hydrate, and magnesium-acetate (II) 
4 hydrate were mixed so that Li and the ratio of Mn and Mg might be set to 1.10:1 .95 :0.05, and this was dissolved 
in the acetic acid. It agitated applying heat, the acetic acid was evaporated from the solution which dissolved 
completely, and the mixed salt was obtained. Temporary baking of this mixed salt was carried out at 500 degrees C, 
and it calcinated at 850 degrees C among air. As a result of grinding the obtained baking object and performing this 
XRD measurement, it turns out that the manganic acid lithium which has Spinel structure is obtained. Next, when 
the distributed state of a chromium element was observed by EPMA, magnesium was distributed all over the 
manganic acid lithium. Let this powder be Powder E. 

[0025] (Example 6) The coin type nonaqueous electrolyte cell shown in drawing 1 as follows was made as an 
experiment, using the powder A, B, C, D, and E obtained in the above-mentioned example 1 as a positive active 
material. The positive electrode 1 mixed Powder A - Powder E, acetylene black, and polytetrafluoroethylene 
powder by the weight ratio 85:10:5, added toluene, and kneaded it enough. This was fabricated with a thickness of 
0.8mm in the shape of a sheet with the roller press, next, this — the diameter of 16mm — it pierced circularly, and 
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dried at 200 degrees C under reduced pressure for 15 hours, and the positive electrode 1 was obtained The positive 
electrode 1 was stuck by pressure and used for the positive-electrode can 4 to which the positive-electrode charge 
collector 6 was attached. As a negative-electrode active material, it is an artificial graphite (the size (Lc) of the 
crystal of the spacing (d002) by 6 micrometers of mean particle diameters and the X-ray diffraction method of C 
shaft orientations by 3.37A mixed 550A and polytetrafluoroethylene powder by the weight ratio 95:5, added 
toluene, and kneaded enough.). This was fabricated with a thickness of 0. 1mm in the shape of a sheet with the roller 
press, next, this — the diameter of 16mm — it pierced circularly, it dried at 200 degrees C under reduced pressure for 
15 hours, and the negative electrode 2 was obtained The negative electrode 2 was stuck by pressure and used for the 
negative-electrode can 5 to which the negative-electrode charge collector 7 was attached. It is LiPF6 to the partially 
aromatic solvent of the volume ratio 1 : 1 of ethylene carbonate and diethyl carbonate. The fine porous membrane 
made from polypropylene was used for separator 3 using the electrolytic solution which carried out 1 mol/1 
dissolution. The coin type lithium cell with a diameter [ of 20mm ] and a thickness of 1.6mm was produced using 
the above-mentioned positive electrode, a negative electrode, the electrolytic solution, and separator. Let the cells 
using this powder A-E be a cell (A) - a cell (E), respectively. 

[0026] (Example of comparison) The acetic-acid lithium dLhydrate and manganese acetate (11)4 hydrate were mixed 
so that the ratio of Li and Mn might be set to 1 .10:2.00, and this was dissolved in the acetic acid. It agitated 
applying heat, the acetic acid was evaporated from the solution which dissolved completely, and the mixed salt was 
obtained. Temporary baking of this mixed salt was carried out at 500 degrees C, and it calcinated at 850 degrees C 
among air. As a result of grinding the obtained baking object and performing this XRD measurement, it turns out 
that the manganic acid lithium which has Spinel structure is obtained. Let this powder be Powder C. Instead of 
Powder A, Powder F was used and the cell was produced like the example 3 except it. Let the obtained cell be a 
comparison cell (F). 

[0027] These cells (A) The charge and discharge test was performed using - (E) and the comparison cell (F). Charge 
final voltage was set to 4.2V, the discharge final voltage was set to 3.0V, and 1mA and the test temperature 
performed constant-current charge and discharge for the charge and discharge current at 20 degrees C and 40 
degrees C. The result of the service capacity of obtained 5 cycle eye was shown in Table 1. Moreover, the number 
of cycles at the time of service capacity falling to 60% of the first stage as a cycle life was measured. 
[0028] 



[Table 1] 
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[0029] Although the cell (A) - cell (E), and comparison cell (F) using Powder A - Powder E were compared and 
early service capacity did not change, a cycle life is good and a bird clapper is known. Moreover, in the elevated 
temperature of 40 degrees C, it turns out that early service capacity increases and a cycle life also improves. That is, 
there is little electrolytic disassembly by using the positive active material of this invention, and since generation of 
fluoric acid is suppressed by this, in the surface lining generated on a carbon front face, it is possible [ it ] that the 
coat of the component like the low lithium carbonate of comparatively resistance or a lithium oxide in which not the 
high lithium fluoride of the resistance generated under existence of fluoric acid but a fluorine does not participate is 
formed, interfacial-resistance increase is suppressed, and a cycle property improves, moreover, since the 40-degree 
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C hot cycle property is also excellent, not only in electrolytic disassembly In the above-mentioned example which 
can consider that elution of the manganese to the own electrolytic solution of a positive active material is also 
suppressed, and capacity deterioration of an active material is also suppressed To the main constituent in a positive 
active material, Li [Mnl.95calciumO.05Li 0.1 0O4], Li [Mnl.95Cr0.05Li 0.1 0O4] and Li [Mnl.95InO.05Li 0.1 0O4], 
Li [Mnl.95Tb0.05Li 0.10O4] Although Li [Mnl.95MgO.05Li 0.10O4] was mentioned about the lithium secondary 
battery using the artificial graphite as a negative-electrode material, the same effect was checked about other 
substitution elements and negative-electrode material. In addition, this invention is not limited to the start raw 
material, the manufacture method, a positive electrode, a negative electrode, an electrolyte, separator, a cell 
configuration, etc. of the active material indicated by the above-mentioned example. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of the coin type nonaqueous electrolyte cell concerning the example of this 
invention. 

[Description of Notations] 

1 Positive Electrode 

2 Negative Electrode 

3 Separator 

4 Positive-Electrode Can 

5 Negative-Electrode Can 

6 Positive-Electrode Charge Collector 

7 Negative-Electrode Charge Collector 
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DRAWINGS 



[Drawing 1] 
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